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A total of 3,023 clinical specimens were tested for Neisseria gonorrhoeae by using COBAS AMPLICOR (CA)
PCR and confirmation of positives by N. gonorrhoeae-specific 16S rRNA PCR. The sensitivity of CA plus 16S
rRNA PCR was 98.8%, compared to 68.2% for culture. Confirmation of CA positives increased the positive
predictive value from 54.8 to 96.6%.

For the detection of Neisseria gonorrhoeae, culture is still
used by many laboratories. However, recent studies showed
that nucleic acid amplification-based N. gonorrhoeae tests
(NAATs) are much more sensitive (1, 2, 4, 6, 7, 10). The Roche
COBAS AMPLICOR (CA) N. gonorrhoeae test is probably the
most widely used amplification test for N. gonorrhoeae. It was
shown that certain strains of N. subflava, N. cinerea, N. flave-
scens, N. lactamica, N. sicca, and Lactobacillus species may
produce false-positive results with the CA N. gonorrhoeae test
(3, 4, 5, 9, and Manual for COBAS AMPLICOR Neisseria
gonorrhoeae PCR test, version 1.0, Roche Diagnostics) and
some other N. gonorrhoeae NAATs (8). Therefore, it is clear
that positive results obtained with the CA N. gonorrhoeae test
should be confirmed by another test method (2, 3, 4, 8, 9). In
the present study we evaluated the reliability of N. gonorrhoeae
testing in a low-prevalence population, using the CA N. gon-
orrhoeae test as a screening assay and an N. gonorrhoeae-spe-
cific 16S rRNA PCR for confirmation.

N. gonorrhoeae PCR and culture were performed on 3,023
specimens from nonselected patients (2,415 female and 608
male) obtained by visiting general practitioners (48%), general
hospitals (32%), or venereal disease (VD) clinics (20%). The
vast majority of the patients were symptomatic, and 75% of
them were between 15 and 35 years of age. Over 95% of the
specimens were urogenital swabs, and the remaining 5% were
rectal, throat, or eye swabs. Swabs for PCR and culture were
sent to the laboratory in 2-sucrose-phosphate medium and in
charcoal transport medium, respectively. The CA N. gonor-
rhoeae PCR (Roche) was tested according to the manufactur-
er’s instructions (Roche Diagnostics manual, version 1). A
specimen was considered negative for N. gonorrhoeae if the
optical density (OD) was �0.200 and the OD of the inhibition
control (IC) was �0.200. The specimen was considered posi-
tive for N. gonorrhoeae if the OD was �0.200, regardless of the
IC result. All specimens with an initial positive result were

retested in the CA N. gonorrhoeae PCR, and the result of this
repeat CA test was conclusive for the final interpretation of the
CA N. gonorrhoeae test. For the 16S rRNA N. gonorrhoeae
PCR test, new DNA extracts from the original clinical speci-
mens were prepared. The 16S rRNA N. gonorrhoeae PCR test
(Roche) was also performed according to the manufacturer’s
instructions (manual for Neisseria gonorrhoeae 16S rRNA
PCR test, version 2, Roche Diagnostics) and included hybrid-
ization with an N. gonorrhoeae-specific probe added to micro-
well plates. Specimens repeatedly positive by CA N. gonor-
rhoeae PCR and positive by 16S rRNA N. gonorrhoeae PCR
were considered to be N. gonorrhoeae PCR positive. All other
specimens were N. gonorrhoeae PCR negative. For culture, the
specimens were inoculated on chocolate agar and chocolate
agar with vancomycin–trimethoprim–colistin-sulfate–ampho-
tericin. The media were incubated at 37°C with 5 to 10% CO2

for 2 days and then were examined for N. gonorrhoeae-like
colonies. Suspected colonies were further examined by an ox-
idase test and gram staining and were also subcultured. The
results of all PCR tests were compared with the results of N.
gonorrhoeae culture. Discordant specimens, which were N. gon-
orrhoeae PCR positive and culture negative, were further in-
vestigated using the ligase chain reaction (LCR) N. gonor-
rhoeae test (Abbott Laboratories). True N. gonorrhoeae-
positive specimens were all specimens which were positive by
N. gonorrhoeae culture as well as those additional specimens
which were repeatedly positive by the CA N. gonorrhoeae PCR,
and by 16S rRNA N. gonorrhoeae PCR, and by the LCR N.
gonorrhoeae assay. All other specimens were defined as true N.
gonorrhoeae negative.

A total of 190 out of 3,023 (6.3%) specimens were initially
positive by CA. After retesting, only 155 out of 190 (81.6%) of
these remained positive. The reason for this discrepancy is
unknown. A similar lack of reproducibility was described ear-
lier for CA Chlamydia trachomatis PCR (11). Of the 155 re-
peatedly CA N. gonorrhoeae PCR-positive specimens, 87
(56.1%) were also positive by the 16S rRNA N. gonorrhoeae
PCR. Only 57 (65.5%) of these 87 N. gonorrhoeae PCR posi-
tives were culture positive. In addition, one of the N. gonor-
rhoeae PCR-negative samples gave a positive culture. Further
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analyses of the 30 samples that were N. gonorrhoeae PCR
positive and N. gonorrhoeae culture negative by LCR resulted
in 27 additional true-positive specimens.

The overall prevalence of N. gonorrhoeae in this study was
2.8%, but with urogenital specimens there were large differ-
ences between women (1.2%) and men (8.9%) (P � 0.001,
Pearson’s chi-squared test). Table 1 shows the overall sensitiv-
ity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of each method. Without confirmation
by 16S rRNA N. gonorrhoeae PCR, the PPV of CA N. gonor-
rhoeae PCR on all samples was only 54.8%. For urogenital
specimens from women and men, the PPV of the CA N. gon-
orrhoeae PCR was 43.3 and 96.0%, respectively. Recently, Di-
emert et al. (3) showed that additional confirmatory PCR was
necessary by comparing N. gonorrhoeae culture and CA N.
gonorrhoeae PCR in 737 samples in a very-low-prevalence set-
ting of 0.5%. However, they did not further investigate the
validity of their 16S rRNA N. gonorrhoeae PCR confirmation
assay for the discordant specimens that were N. gonorrhoeae
PCR positive but culture negative. Martin et al. (6) and Van
Der Pol et al. (9) described another algorithm to increase the
PPV of the CA N. gonorrhoeae test: retesting in duplicate,
depending on the initial OD value. When we applied this
algorithm to our data, the PPV of the CA N. gonorrhoeae PCR
was 65.9%, which is much lower than the PPV of at least
�90% described by Van Der Pol et al. (9).

Of the 70 CA N. gonorrhoeae PCR false-positive specimens,
30 (42.9%) were not obtained from the urogenital tract but
were mainly from throat specimens (n � 21). The inclusion of
these nonurogenital specimens influenced the PPV of the CA
N. gonorrhoeae PCR, being 65.8% for urogenital specimens
and 21.1% for nonurogenital specimens. The most likely ex-
planation for the high percentage of false positives with throat
swabs is cross-reaction with N. cinerea and N. subflava (3, 4, 5,
9, and Roche Diagnostics manual, version 1). Most of the

remaining false-positive reactions may be explained by cross-
reactions with Lactobacillus species, which belong to the nor-
mal flora of the female genital tract (4).

The present study shows that CA N. gonorrhoeae PCR plus
16S rRNA N. gonorrhoeae PCR confirmation is much more
sensitive (98.8%) than culture (68.2%) (P � 0.001, Fisher’s
exact test). Moreover, the enormous surplus of positive results
was very specific, as was shown by the additional confirmation
by LCR. The low sensitivity of culture compared to that of
PCR could not be explained by suboptimal transport condi-
tions, because culture results obtained with specimens col-
lected very close to the laboratory did not significantly differ
from the results obtained with specimens collected at much
larger distances (data not shown).

Because the sensitivity of culture might be dependent on the
presence of clinical symptoms, we investigated the clinical data
of all 18 N. gonorrhoeae-positive patients from one of our
hospitals. It appeared that 7 of 8 (87.5%) patients with clinical
symptoms and only 2 of 10 (20%) patients without symptoms
were N. gonorrhoeae culture positive (P � 0.004, Pearson’s
chi-squared test).

From 18 N. gonorrhoeae PCR-positive patients we received a
follow-up specimen 13 to 35 days (average, 24 days) after
antibiotic treatment. None of these follow-up specimens were
positive for N. gonorrhoeae by PCR. Therefore, N. gonorrhoeae
PCR can also be used for follow-up treatment. Only when
susceptibility testing is required does N. gonorrhoeae culture
remain necessary.

In conclusion, due to its high sensitivity, N. gonorrhoeae PCR
(or perhaps another NAAT) should replace N. gonorrhoeae
culture, especially when asymptomatic patients are tested. CA
N. gonorrhoeae PCR is a very useful screening assay due to its
semiautomatic platform, making it much easier to perform
bulk testing, and to its ability to test for Chlamydia trachomatis
simultaneously. However, CA N. gonorrhoeae PCR-positive re-
sults should always be confirmed with an alternative PCR test,
such as the 16S rRNA PCR, especially when low-prevalence
populations or nonurogenital specimens are tested.
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